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Title of Dissertation:  Research on Responses of Container Ports to Global 
Pandemic  
  
Degree: Master of Science 
In 2020, the COVID-19 epidemic swept the world and had a great impact on 
container ports. How to deal with the global epidemic under the current 
circumstances has become the focus of attention. Taking container ports as the 
research object, this dissertation analyzes the factors affecting the selection of 
countermeasures of container ports and the most practical countermeasures by 
AHP analysis method.  
Through the analysis and study of the five components of the container port 
response measures, including economic benefit, efficiency, safety of epidemic 
prevention, service and sustainable development, the factors were determined 
through the combination of literature research, expert consultation and 
questionnaire survey, the index system was constructed, and the weight value of 
each index was finally determined. The objective layer of the index system reflects 
the practicability of container port response measures; the criterion layer is 
composed of five major parts: economic benefit, efficiency, safety of epidemic 
prevention, service and sustainable development; the sub-criterion layer reflects 
the specific components of each criterion layer, including 11 elements such as cost, 
monthly container throughput, quick response capability of production scheduling 
system, container port operation efficiency, effectiveness of routine epidemic 
control, response capability of regional major epidemic situations, customer 
satisfaction, service level of container port under epidemic situation, average delay 
time of ships at port, employee care under epidemic situation, corporate social 
responsibility. 
Results showed that strengthening the construction of collection and distribution 
network and information construction of container are the two response measures 
which are most appropriate for the current container port. Besides, emergency 
plans are given to container ports to deal with serious epidemic in the future. 
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With the continuous development of modern logistics and the increasingly 
frequent international communication and cooperation, the status of ports has been 
significantly improved and ports have become an important carrier of global 
transportation and a significant node of logistics system. Port logistics is no longer 
a simple single ocean transportation, but has become an international 
comprehensive logistics center, creating an era of international shipping based on 
containerization and multimodal transportation. Nowadays, in addition to serving 
as the largest rally point in the supply chain, ports also serve as information centers, 
modern industrial centers and international trade service centers (Zhuang & Wang, 
2005). The commercialization trend of ports is continuously strengthened and the 
container throughput of ports directly affects trade growth trend. Therefore, there 
is no doubt that ports play a very important role in the national economy.  
 
Since the COVID-19 pandemic outbreak in Wuhan, China, in late 2019, the 
disease has swept rapidly the world's major economies, including China, the 
United States, Japan, Germany, the United Kingdom, France, Italy, Canada, 
Russia, Brazil, South Korea and more. As of 28 April 2021 (Johns Hopkins 
University & Medicine, 2021), the total confirmed infection cases stood at 
148,355,390 and total deaths at 3,131,660. As a major public health emergency 
with extremely high transmission speed and wide range of infections, the 
COVID-19 pandemic has caused great losses in all walks of life worldwide. 
Social isolation and border closures, adopted by most countries to contain the 
spread of the epidemic, have yielded effective results, but they have also shut 
down the economies of many countries, disrupted global supply chains and had a 
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major impact on the world economy. Not only that, but many scholars and 
experts predict that the COVID-19 pandemic will continue to threaten human 
health, which could take more than a year. The negative effects of this sudden 
outbreak have made the global economy face more serious challenges than the 
two economic crises in 1998 and 2008. According to the research of the 
International Monetary Fund (2021), the global economic growth rate in 2020 
was -3.5%, and the economy of all major economies are experiencing negative 
growth to varying degrees. The outbreak of the epidemic has intensified the 
process of anti-globalization and impacted the original rules of global economic 
governance. 
 
Inevitably, ports have also been severely affected since the global COVID-19 
pandemic. At the beginning of the outbreak, due to different restrictive measures 
in different countries, the demand for international trade was low, which greatly 
affected foreign trade orders. The decrease of cargo supply and the reduction of 
shipping capacity of liner companies make the main indicators of the port industry 
decline significantly. As the outbreak was gradually brought under control, the 
port operations gradually returned to normal. However, there are still many 
problems remained. 
 
As the first line of defense for epidemic prevention and control, ports have played 
a vital role in preventing the importation of the epidemic from abroad. As the 
global epidemic continues to spread, the situation of maritime epidemic 
prevention and control remains severe, posing a huge challenge to the safe 
operation and management of ports in the short term. Operation processes like 
ship pilotage, berthing and departing, loading and unloading have to strictly 
comply with the requirements of epidemic prevention and control, and the 
management of pilots, dock loading and unloading personnel and other boarding 
personnel have to be strict, thus extending the time for port customs clearance and 
joint inspection. Once the hot crew appears, some national port departments have 
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stipulated that loading and unloading operations should be suspended, waiting for 
nucleic acid test results, and then resuming operations depending on the situation. 
The complicated epidemic prevention measures make it difficult to determine the 
start time of some ships in time. Besides, the berthing plan of ships is frequently 
changed and the inspection cycle is long, which has a great impact on port 
production and even leads to the shutdown of port production, forcing the 
interruption and extension of port operations and causing congestion.  
 
In addition, due to the shortage of port workers and reduced volume of operations, 
the loading and unloading of ships and freight transport have also been affected, 
resulting in serious ship overloading. The crew change problem has been 
prominent as well. Problems such as transportation market confusion and cargo 
quarantine confusion still exist. Exports have been forced to slow down and new 
trade barriers may emerge. International trade negotiations and contract signing 
cycle are forced to extend, and ship owners even have the risk of contract 
performance (Liu, et al., 2020). 
 
Because of the importance of ports, it is important to study port responses to global 
pandemics. And due to the high efficiency and economy of container ports, 
container ports are selected as the research object of this dissertation.  
 
1.2 Purpose of research 
 
The purpose of this dissertation is to research on the responses of container ports 
to global pandemic. The author would use analytic hierarchy process analysis to 
find out important factors influencing the selection of container ports of the 
feasible measures to deal with the epidemic and finally find out the feasible 
responses which helps container ports. Besides, the dissertation also provides 
some theoretical guidance for the preparation of emergency plan for container 





Chapter 2 Literature review 
 
The objective of this chapter is to review research papers related to the impact of 
Covid-19 pandemic on shipping industry, help construct AHP index and find out 
feasible solutions to reduce losses of container ports and return to normal 
working condition. Since researches on responses of container ports to the global 
pandemic is very limited due to novelty of this topic, former researches on 
responses to emergencies including traffic accidents, natural disasters, accidents, 
public health and social security incidents, emergency materials configuration 
and collecting and collection system would be focused on as well. Besides, the 
concept of “resilience” would also be referred to study the effectiveness of the 
feasible countermeasures.  
 
2.1 Research on COVID-19 impact 
 
Zhang et al. (2020) analyzed the overall impact of COVID-19 pandemic on the 
port and shipping industry, and divided it into different segments including ports, 
containers, tankers, dry bulker and cruise ships for evaluation. The Granger 
causality test and questionnaire survey were used for the overall evaluation, and 
the enterprise visits and expert visits were used for the evaluation of subdivided 
sectors. The results showed that COVID-19 pandemic has a great impact on the 
port and shipping market demand, industry confidence, etc., and market 
segments has been greatly influenced, among which the cruise ship segment is 
the most significantly. The researchers suggested that market recovery should 
focus on improving epidemic prevention and control systems, strengthening 
overseas tracking and building smart ports. 
 
By analyzing the possible risks of shipping industry including virus exposure 
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risk, congestion risk and default risk caused by Covid-19, Liu et al. (2020) put 
forward response solutions mainly from the macro perspective where the 
government is required to increase financial, fiscal and taxation support, expand 
consumer demand through policy regulation, promote the resumption of work 
and production, promote the optimization of industrial layout, protect shipping 
workers and make contingency plans. 
 
Chen (2020) focused on the impact of Covid-19 on seafarers and studied their 
right protection problem including prevention and control of epidemic diseases 
on board and in the process of repatriation, identification of industrial injuries, 
contract performance issues and salary issues.  
 
Holland et al. (2021) studied the impact of COVID-19 on the cruise industry 
from the perspective of risk perception. By comparing the attitudes towards 
cruising of consumers in Australia and the United Kingdom, researchers found 
that there were regional differences in risk perception mainly due to media 
reports, which would result in great losses in cruise industry if effective measure 
cannot be taken.  
 
Theo Notteboom et al. (2021) compared the impact of the 2008-2009 financial 
crisis and COVID-19 epidemic on temporal and spatial sequences of the supply 
and demand of the container ports and shipping industry to analyze whether there 
is a difference and explore the reasons. Also, it can help evaluate whether there is 
an evolution of elasticity for the container ports and shipping industry between 
these two global crises. Results showed that shipping lines, terminal operators 
and ports are showing greater resilience due to organizational changes and risks 
the found after 2008-2009 financial crisis. 
 




2.2.1 Emergency responses 
 
By investigating the parties related to emergency management of ports including 
port terminal operators, relevant government departments, the coast guard and 
other departments in the United State, United States Government Accountability 
Office (2007) reached a conclusion that the main challenges of relevant parties 
faced are the flow of information with the outside world, the coordination of 
effective port and external cooperation and the arrangement of relevant staff to 
return to work when emergencies occur. 
 
Hossain (2019) defined absorptive capacity, adaptive capacity and restorative 
capacity as key factors that influence the recovery ability of ports from 
emergencies. Based on Bayesian network, resilience of the port infrastructure 
was quantified and then further analyzed by using forward propagation, 
backward propagation, sensitivity analysis, and information theory. Final results 
showed that maintenance, alternate routing, and manpower restoration could 
improve the resilience of ports.  
 
By combining geographic information system with port management, Wang 
(2014) designed an emergency command and emergency decision support 
system for port emergencies. The system can integrate a variety of basic 
information needed in the process of emergency response, and provide a 
reference for port managers to make the emergency decisions, which helps deal 
with emergencies quickly and effectively.  
 
Based on the nature of the emergency and the characteristics of the port industry, 
Tang et al. (2014) classified emergencies as traffic accidents, natural disasters, 
accidents, public health and social security incidents, and other aspects and 
described each classification in detail. Through in-depth analysis, researchers 
drew a conclusion that specialized statistical agencies or platforms should be 
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established to complete related statistics and information disclosure of port 
emergencies for better responses, which is also revealed by Wang (2013). Wang 
took Xingang Port in Dalian as an example to explore the emergency rescue and 
emergency decision-making of bulk chemical accidents, and proposed that the 
statistical information database of bulk chemical accidents should be established 
to improve the response ability of ports to bulk chemical accidents. 
 
2.2.2 Emergency materials configuration 
 
Thomas (2002) made an in-depth analysis of the characteristics of emergency 
logistics and put forward the life cycle theory of emergency logistics which 
mainly includes three important stages: deployment, maintenance and 
reconfiguration.  
 
According to the demand of emergency supplies in waterway traffic emergency 
areas, Yang (2011) classified the emergency materials according to their 
importance and frequency of use, built a storage model and made evaluation, 
studied the reasonable dispatch amount of emergency materials, and finally 
established the distribution system of emergency materials for waterway traffic 
emergency based on customer demand. 
 
Pang (2012) analyzed the characteristics of emergency materials allocation 
decision and divided a decision cycle into four stages, including information 
collection, allocation decision making, plan evaluation and plan implementation. 
The researcher also studied the emergency materials demand prediction model 
and optimal allocation model, giving consideration to efficiency and fairness, 
and finally established a plan evaluation model.  
 




Phan & Kim (2015) took the trucks in the port area as the research object and 
decided the dispatch and arrival time of trucks through the reservation system to 
alleviate the traffic congestion in the port. Based on a decentralized 
decision-making model, the communication process between the truck company 
and the terminal operator was supported, so as to get the optimal solution.  
 
Based on the uncertain demand environment, Ji (2014) analyzed the inland 
collection and distribution network and built an optimization model. And 
combined with the future development trend, the choice of transportation mode, 
port and transfer station was studied, so as to put forward suggestions for further 
optimization. 
 
Zhang & Huang (2009) analyzed the main influencing factors of container port 
collection and distribution system and established an analysis model. The 
conclusions were that the development of railway converging port transport 
could effectively relieve the pressure of road transport, the construction of 
container loading and unloading zone and the improvement of service quality 
could help to promote the volume of railway converging port transport, the 
inland river transport will bring challenges to railway transport, thus the 
competition should be avoided as far as possible.  
 
Liu & Chen (2014) took Colombo port as the research object and proposed three 
transportation schemes to alleviate port congestion, and selected the optimal 
scheme from them from the perspective of transportation cost saving and traffic 
congestion alleviation degree based on the analysis of road traffic problems in 
the port. 
 
2.3 Research on resilience 
 
"Resilience" was originally a physical term. In physics, it is used to describe how 
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an object moves and deforms under the action of external forces. Resilience, as 
an academic concept, was first proposed by Holling (1973). Holling stated that 
resilience is a measure of the ability of an ecosystem to absorb changes and 
maintain its ecological relationships. Since then, this concept has been 
recognized by many scholars (although there are small differences in some 
definitions) and is widely used in economics, psychology, engineering, supply 
chain management and other fields. The following is a literature review on 
resilience from two aspects: supply chain resilience and logistics and 
transportation resilience. 
 
2.3.1 Supply chain resilience 
 
Lee (2004) put forward three characteristics of supply chain resilience, including 
the agility of rapid response to changes in supply and demand, the adaptability to 
changes in market environment, and the mutual assistance among supply chain 
members. The three characteristics measure the ability of the supply chain to 
recover to the normal level when it encounters shocks from different aspects, that 
is, the connotation of the resilience of supply chain.  
 
Chowdhury & Quaddus (2017) developed a measurement model of supply chain 
resilience. The research shows that supply chain resilience is a multi-dimensional 
hierarchical structure, and its three main dimensions include proactive capability, 
reactive capability and supply chain design quality. There are twelve 
subdimensions under the three primary dimensions, including supply chain 
readiness, flexibility, reserve capacity, integration, efficiency, market strength, 
financial strength, supply chain capability response, recovery, supply chain 
design quality density, complexity and criticality.  
 




Serulle et al. (2011) evaluated the resilience level of transportation from two 
dimensions, infrastructure resilience (infrastructure resilience and user resilience) 
and network resilience.  
 
Imran et al. (2014) took railway and highway infrastructure and transportation 
network as the research object and divided the resilience evaluation into six 
dimensions, including engineering (robustness, subordination and rapidity), 
service (choice of transportation mode and redundancy), ecology (minimization 
of environmental impact and ecosystem service capacity), society (emergency 
evacuation and service connection), economy (redundancy), system (risk 
assessment and reduction, cooperation and integration, learning, policy and 
resource allocation).  
 
Chen (2018) in the study of resilience evaluation of port-hinterland container 
intermodal network, selected three dimensions to be analyzed, including the 
absorptive capacity (social and economic conditions, organization and 
management), and the ability to adapt (natural conditions, social and economic 
conditions, infrastructure, and organization and management), and the ability to 
recover (natural conditions, social and economic conditions, infrastructure and 







Chapter 3 Feasible responses 
 
3.1 Strengthening epidemic prevention, ensuring the efficiency of 
quarantine 
 
At present, epidemic prevention and control of container ports are still facing 
great pressure. According to the requirements of domestic epidemic prevention 
and control, container port enterprises, on the premise of ensuring efficient 
prevention and control within the port, should take strict control over ships from 
countries which are highly affected by the epidemic to prevent the import of the 
epidemic from abroad. In addition, container ports should adopt "paperless" and 
"contactless" operations management to reduce the risk of human infection while 
ensuring operational efficiency. 
 
At the same time, container ports should optimize the quarantine process, 
including increasing the investment of the number of quarantine personnel 
reasonably, cooperating and communicating with relevant government 
departments, trying new technologies and methods to improve the speed of 
nucleic acid detection, so as to reduce the time of ship quarantine and create a 
better quarantine environment. 
 
3.2 Strengthening the construction of the network of collection and 
distribution, ensuring production efficiency of container ports 
 
Container port enterprises should strengthen the construction of collection and 
distribution network, enhance transportation capacity, improve transportation 
efficiency and expand network services by analyzing the resumption of the 
current collection and distribution system, coordinating the transportation 
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capacity of railway, road and water, and rationally distributing and selecting 
transfer stations. In addition, container ports should make corresponding 
transportation plans according to the needs of customers, and help customers to 
speed up the delivery efficiency through communication. Good construction of 
collection and distribution network construction can effectively alleviate the 
storage capacity of container ports and improve production efficiency. 
 
3.3 Promoting transport of materials for prevention and control, 
ensuring adequate supplies 
 
Container ports should do a good job in monitoring the stock and consumption of 
materials for prevention and control, provide adequate supplies and medicines to 
the greatest extent possible through multiple channels and reasonably arrange the 
anchorage of ships with prevention and control materials or ships on urgent tasks 
and handle relevant procedures, open up green channels, and ensure the 
efficiency of ships entering and leaving the ports. In addition, priority should be 
given to the collection and distribution of materials for prevention and control, 
and effective connection of various means of transport can be made to prevent 
delay in the timely delivery of emergency supplies. 
 
3.4 Strengthening the construction of port automation and 
informatization, promoting information sharing among all parties 
 
Container ports should be fully aware of the importance of port automation and 
informatization. The transformation of automation equipment should be 
enhanced and work intensity of port staff should be lowered through the use of 
automated or semi-automated equipment so that the risk of the spread of the 
epidemic could be reduced. 
 
Besides, container ports should attach importance to the communication and 
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cooperation with shipping agencies, customs, border inspection, maritime affairs 
and health agencies, etc., so as to grasp the information of vessels, cargo and 
crew arriving at the port as well as the information of persons and vehicles 
entering and leaving the port in time, and realize information sharing. Also, 
communication and information sharing with upstream and downstream 
enterprises, including shipping companies, manufacturers and traders, are also 







Chapter 4 Methodology: Analytic Hierarchy Process  
 
4.1 Principle of AHP 
 
Analytic Hierarchy Process (AHP), referred to as AHP, is a decision-making 
method that analyzes problems by using hierarchical weight. It is a 
decision-making method that decomposes the factors related to the overall goal 
and decision into levels such as objective / goal, criterion and alternatives, and 
carries out qualitative analysis and quantitative analysis on this basis.  
 
In the early 1970s, Professor Saaty, an American operations researcher, put 
forward the method of applying network system theory and multi-objective 
comprehensive evaluation, aiming at researching power distribution according to 
the contribution of various industrial sectors to national welfare for the United 
States Department of Defense (Hua, 2014). It quickly gained worldwide attention 
and has been applied in many fields such as economy, management, medical 
treatment, education, safety and environment. Arguably, AHP has been one of 
the most widely used standard decision tools (Russo & Camanho, 2015). 
 
In general, when the AHP method is used to analyze the problem, the problem is 
first divided into three levels, which are the objective / goal layer, the criterion 
layer and the alternatives layer. Then, at each level, the attributes and layers are 
divided according to the relevant actual factors, so as to build the analytic 
hierarchy model. Finally, after determining the indicators of each level or the 
factors affecting the upper level, the relative importance of each factor in each 
level is judged by pairwise comparison of factors. The relative weight of each 
factor at each level is allocated and calculated, and the final weight of each 
alternative to the objective / goal layer is calculated by the weighted recursion 
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method, and the priority of each alternative is determined by the weights. 
 
Therefore, AHP is particularly suitable for dealing with some more complex and 
fuzzy problems in the analysis and decision making. It can simplify and quantify 
some complex problems, and it is very useful for the decision making problems 
where the target value is difficult to be quantitatively described and the 
evaluation index is staggered. 
 
4.2 AHP calculation steps 
 
4.2.1 Hierarchy structure model establishment 
 
When using AHP method for evaluation, according to the different attributes, the 
factors affecting the objective / goal are divided into three or four levels: the 
highest level, the middle level and the lowest level.  
 
The predetermined target of the problem is the highest level, which is the 
objective / goal layer, represented by A; the intermediate layer can include the 
criterion layer, represented by B and / or the sub-criterion layer, represented by C, 
which refers to the criterion that affects the realization of the objective / goal; the 
lowest layer, which means the measures that can achieve the goal, is the 
alternative layer, represented by D.  
 
The indicators located in the same layer belong to the upper layer or have 
influence on the factors of the upper layer, and at the same time dominate the 
factors of the next layer or are affected by the factors of the next layer. 
Combined with the relationship among the factors of various levels, the analytic 




Figure 1. Analytic hierarchy process structural model. Adapted from “Criteria in AHP: 
A Systematic Review of Literature”, by Russo & Camanho, 2015, p.1129. 
Copyright 2015 by Russo & Camanho. 
 
4.2.2 Judgment matrix establishment 
 
After the establishment of the evaluation model, it is necessary to calculate the 
relative importance of factors at all levels, namely the weight. When determining 
the weight, it is not necessary to put all factors together for comparison, but to 
compare the relevant factors at the same level. Let the ratio of the effect size of B1, 
B2 and B3 ... Bm factors in criterion layer B relative to the objective / goal layer A 
be Bij (i and j refer to the i and j factors in the criterion layer respectively), then the 
matrix composed of the ratio of the size of all the factors related to it is the 
quantifiable judgment matrix. The form is shown in Table 1. 
 
Table 1  
Judgment matrix 
Source: Author’s own work 
A B1 B2 … Bn 
B1 B11 B12 … B1n 
B2 B21 B22 … B2n 
… … … … … 




On the value assignment of Cij, the Saaty scale is introduced, and the importance 
questionnaire is conducted by using the expert consultation method. The relative 
importance of factors in each layer is assigned according to the scale, so as to 
improve the accuracy and objectivity, and reduce the difficulty in comparing 
factors of different properties as far as possible. Table 2 shows the value 
assignment and interpretation on the 1-9 scale.  
 
Table 2  
Scale of preference between two parameters 
Source: Saaty and Vargas (2000). 
Scale Degree of preference Explanation 
1 Equally important 
Two activities contribute equally to the 
objectives 
3 
One is less important than 
another  
Experience and judgement slightly to 
moderately favour one activity over another 
5 Strongly important 
Experience and judgement strongly to 
essentially favour one activity over another 
7 Very Strongly important 
An activity is strongly favoured over 
another and its dominance is showed in 
practice 
9 Extremely important 
The evidence of favouring one activity over 
another is of the highest degree possible of 
an affirmation 
2,4,6 and 8 Intermediate values 
Used to represent compromises between the 
references in weight 1, 3, 5, 7 and 9 
Reciprocals Opposites Used for inverse comparison 
 
For any judgment matrix it should be: bij > 0; bii = 1; bij = 1 / bji (i = 1, 2, …, n; j 
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= 1, 2, …, m). 
 
4.2.3 Single hierarchy ranking and consistency check 
 
Single hierarchy ranking is a calculation process to determine the weight 
coefficient of a certain layer of factors. Determine the maximum eigenvalue of 
the judgment matrix X, XW = λmax W, and the eigenvector corresponding to λ
max is processed uniformly to obtain the ranking weight of the relative importance 
of the corresponding factors at the same level to a factor at the upper level. This 
process is single hierarchy ranking.  
 
The calculation process is as follows: 
 
Step 1: Solve the product Mi of the factors in each row of judgment matrix X: 
 
Mi = ∏ 𝑥𝑛𝑗=1 ij (i = 1, 2, …, n) 
 






Step 3: Normalize the eigenvector ?̅?= (?̅?1, ?̅?2, …, ?̅?n)T to get the weight 
coefficient corresponding to the index: 
 
Wi = ?̅?i / ∑ ?̅?𝑛𝑗=1 j 
 
The factors of a pairwise comparison matrix are obtained by pairwise 
comparison of two factors, and in many such comparisons, it is often possible to 
get some inconsistent conclusions. For example, when the importance of the 
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factor i, j and k is close, a pairwise comparison may yield contradictory results: i 
is more important than j, j is more important than k, and k is more important than 
I. The more the number of factors is, the more likely this problem is to occur. It 
is very difficult to achieve full consistency of judgment, so deviation of certain 
degree in consistency is allowed in practice. The consistency index is used to 
determine whether the degree of deviation is acceptable. 
 
In AHP, the objective and reasonable consistency of the judgment matrix is 
required so that the random consistency ratio is not higher than 0.1. Otherwise, 
the importance of elements should be re-considered. The consistency test indexes 
consistency index (CI) and random index (RI) are used to measure the degree of 
deviation from the consistency of the matrix. The specific steps are as follows: 
 











Step 2: Calculate consistency index CI: 
 
CI = (λmax - 1) / (n - 1)  
n is the order of the judgment matrix. 
 
Step 3: Calculate the consistency ratio CR = CI / RI, and the value corresponding 
to RI is shown in Table 3:  
 
Table 3  
Values of RI depending on the order N of the judgement matrix 
Source: Rakesh & Ramkrishna (2021). 
N 1 2 3 4 5 6 7 8 9 10 11 




4.2.3 Combination hierarchy ranking and consistency check 
 
Previously, the weight vector of a group of factors to a factor in the upper layer 
is obtained. The ultimate purpose is to calculate the ranking weight of the 
relative importance of all factors in the same layer to the highest level (objective 
/ goal level), which is called the combination hierarchy ranking.  
 
This process is carried out layer by layer from the highest layer to the lowest 
layer. Suppose that the upper layer X contains m factors, X1, X2, …, Xm, and the 
weights of the combination hierarchy ranking are x1, x2, …, xm respectively; the 
lower layer Y contains n factors, Y1, Y2, …, Yn, and their weights of single 
hierarchy ranking for factors Xj are y1j, y2j, ynj, respectively (when Yk has no 
relation with Xj, ykj = 0). In the case, the combination hierarchy ranking weights 
of Y is shown in Table 4:  
 
Table 4  
Combination hierarchy ranking weights  
Source: Author’s own work 
  Layer X 
Layer Y 




weights of Y 
Y1 b11 b12 … b1m ∑ x𝑚𝑗=1 jy1j 
Y2 b21 b22 … b2m ∑ x𝑚𝑗=1 jy2j 
… … … … … … 
Yn bn1 bn2 … bnm ∑ x𝑚𝑗=1 jymj 
 
Similar to the consistency check of single hierarchy ranking, the judgment matrix 
of combination hierarchy ranking should also meet the condition that CR is not 










Chapter 5 Feasible responses selection based on AHP   
 
5.1 Establishment of index system 
 
According to the factors of container port epidemic response and the needs of 
AHP system construction, through the analysis and sorting of relevant literature 
at home and abroad, combined with the suggestions of experts, the index system 
has been constructed, which is shown in Table 5.  
 
Table 5  



















Capability of Production 
Scheduling System C3 







Effectiveness of Routine 
Epidemic Control C5 
Response Capability of 
Regional Major Epidemic 
Situations C6 
Service B4 






Service Level of Container 
Port under Epidemic 
Situation C8 
Average Delay Time of 




Employee Care under 
Epidemic Situation C10 
Information 
Construction of 
Container Port D4 
Corporate Social 
Responsibility C11 
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The hierarchical model of container port epidemic response measures can be 
expressed as: decision goal: practicability of response measures. Intermediate 
factors: Economic Benefit B1, Efficiency B2, Safety of Epidemic Prevention B3, 
Service B4, Sustainable Development B5. Among them, Economic Benefit B1 
includes sub criteria Cost C1 and Monthly Container Throughput C2; Efficiency 
B2 includes sub criteria Quick Response Capability of Production Scheduling 
System C3 and the Container Port Operation Efficiency C4; Safety of Epidemic 
Prevention B3 includes Effectiveness of Routine Epidemic Control C5 and the 
Response Capability of Regional Major Epidemic Situations C6; Service B4 
includes sub-criteria Customer Satisfaction C7, Service Level of Container Port 
under Epidemic Situation C8 and Average Delay Time of Ships at Port C9; 
Sustainable Development B5 includes sub-criteria C10 for Employee Care under 
Epidemic Situation and C11 for Corporate Social Responsibility. The alternative 
plan layer includes Epidemic Prevention and Protection Work D1, Emergency 
Material Storage D2, Strengthening the Construction of Collection and 
Distribution Network D3, and Information Construction of Container Port D4. 
 
5.2 Indicator description 
 
Cost C1: The cost of taking a measure for the container port to respond to the 
pandemic. 
 
Monthly Container Throughput C2: The total number of containers imported and 
exported in a month at the container port, usually in units of TEU (twenty-foot 
equivalent unit).  
 
Quick Response Capability of Production Scheduling System C3: The ability of 
the container port enterprise to effectively organize and implement production 




Container Port Operation Efficiency C4: The efficiency of container port 
operation, including dispatching, loading and unloading, removing obstacles and 
other operations. 
 
Effectiveness of Routine Epidemic Control C5: Effectiveness of the container 
port for epidemic prevention and control in daily work. 
 
Response Capability of Regional Major Epidemic Situations C6: During a major 
outbreak in the container port area, the response capability of the container port 
enterprise, including preventing the spread of the epidemic and screening the 
asymptomatic carriers. 
 
Customer Satisfaction C7: The degree to which the container port customer 
expectations match their experience. 
 
Service Level of Container Port under Epidemic Situation C8: Under the 
epidemic situation, whether the service quality of the container port remain 
unchanged compared to normal times. 
 
Average Delay Time of Ships at Port C9: The average delay time of ships at the 
container port. 
 
Employee Care under Epidemic Situation C10: Under the epidemic situation, 
whether there are problems in the care of employees, such as overwork caused 
by improper shift arrangement and psychological problems, and how to deal with 
them. 
 
Corporate Social Responsibility C11: The contribution of the container port 





5.3 Judgment matrix construction and consistency test  
 
According to the relevant indicators in the AHP model, this paper designed an 
expert questionnaire, and compared each two indicators according to the scoring 
criteria in Table 2. 
 
Twelve questionnaires were sent to 7 experts in container port industry and 5 
experts in shipping agency industry who are experienced in container port 
industry. As shown in Figure 2, among the 12 respondents, the number of 
respondents who have worked for 11 to 20 years is the largest, with 6 people, 
which accounts for 50.00%, 4 respondents have worked for less than 10 years, 
which accounts for 33.33%, 1 respondent has worked for 21 to 30 years and one 
respondent has worked for more than 31 years, which accounts for 8.33% 
respectively. It can be seen that the respondents have rich experience, and they 
can have a better understanding of the current situation of container ports under 
the epidemic situation and the practicability of possible countermeasures. The 
quantitative comparison of analytic hierarchy process based on their scores is 
closer to the actual situation. 
 
 
Figure 2. The length of the respondents' employment 
 
Twelve questionnaires were collected with a recovery rate of 100%. After the 
scores of the 12 experts are acquired, the following mean judgment matrix is 
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obtained, and then the sorting weight is calculated. 
 
The specific calculation process is as follows: 
 
(1) Objective / goal layer judgement matrix 
 
Table 6.1  





















1.000 0.269 0.384 0.263 0.414 0.0694 




2.605 0.515 1.000 0.448 1.379 0.1640 








M1 = B11 * B12 * B13 * B14 * B15 = 0.0112; 
M2 = B21 * B22 * B23 * B24 * B25 = 4.9473; 
M3 = B31 * B32 * B33 * B34 * B35 = 0.8283; 
M4 = B41 * B42 * B43 * B44 * B45 = 68.371; 



























































































1 0.2689 0.3839 0.3637 0.4139
3.7188 1 1.9429 0.4143 1.6526
2.6051 0.5146 1 0.4479 1.3793
3.8064 2.4136 2.2326 1 3.3333






























































 ) = 
5.0993; 
 
CI = (λmax - 5) / (5 -1) = 0.0248; 
 
According to Table 3, when n = 5, RI = 1.12, as a result,  
 
CR = CI / RI = 0.0248 / 1.12 = 0.022 < 0.1 
 
Namely, the judgment matrix passes the consistency test. Other judgment 
matrices can be obtained in the same way. 
 
In the objective / goal layer judgment matrix, Service B4 has the highest weight 
0.3966, which can be considered as the most important first-level indicator for 
container port epidemic response measures, followed by Efficiency B2 (0.2345), 
Safety of Epidemic Prevention B3 (0.1640), Sustainable Development B5 
(0.1355) and Economic Benefit B1 (0.0694).   
 




➢ Economic Benefit B1 judgement matrix: 
 
Table 6.2  







Cost C1 1 3.7222 0.7882 
Monthly Container 
Throughput C2 
0.2687 1 0.2118 
λmax = 2  CI = 0 
 
In the Economic Benefit B1 judgment matrix, the weight of Cost C1 (0.7882) is 
higher than that of Monthly Container Throughput C2 (0.2118). Since there are 
only two indicators in this layer, no consistency check is required.  
 
➢ Efficiency B2 judgement matrix: 
 
Table 6.3  
Efficiency B2 judgment matrix 
Efficiency B2 
















0.3330 1.0000 0.2498 
λmax = 2  CI = 0 
 
In the Efficiency B2 judgment matrix, the weight of Quick Response Capability 
of Production Scheduling System C3 (0.7502) is higher than that of Container 
Port Operation Efficiency C4 (0.2498). Since there are only two indicators in this 
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layer, no consistency check is required.  
 
➢ Safety of Epidemic Prevention B3 judgement matrix: 
 
Table 6.4  
Safety of epidemic prevention B3 judgment matrix 
Safety of Epidemic 
Prevention B3 
Effectiveness of Routine 
Epidemic Control C5 
Response Capability 













0.2895 1.0000 0.2245 
λmax = 2  CI = 0 
 
In the Safety of Epidemic Prevention B3 judgment matrix, the weight of 
Effectiveness of Routine Epidemic Control C5 (0.7755) is higher than that of 
Response Capability of Regional Major Epidemic Situations C6 (0.2245). Since 
there are only two indicators in this layer, no consistency check is required.  
 
➢ Service B4 judgement matrix: 
 
Table 6.5  





Service Level of 
Container Port under 
Epidemic Situation C8 
Average Delay 














2.3458 1.0000 0.4022 0.2786 
Average 
Delay Time 
of Ships at 
Port C9 
3.4160 2.4861 1.0000 0.5795 
λmax = 3.0317  CI = 0.0159  RI = 0.52  CR = 0.0305 
 
In the Service B4 judgment matrix, Average Delay Time of Ships at Port C9 has 
the highest weight 0.5795, which is the most important indicator for Service B4, 
followed by Service Level of Container Port under Epidemic Situation C8 
(0.2786), Customer Satisfaction C7 (0.1419). CR of this judgement matrix is 
0.0305, which means the judgment matrix passes the consistency test.  
 
➢ Sustainable Development B5 judgement matrix: 
 
Table 6.6  
Sustainable development B5 judgment matrix 
Sustainable 
Development B5 
Employee Care under 











0.3504 1.0000 0.2595 
λmax = 2  CI = 0 
 
In the Sustainable Development B5 judgment matrix, the weight of Employee 
Care under Epidemic Situation C10 (0.7405) is higher than that of Corporate 
Social Responsibility C11 (0.2595). Since there are only two indicators in this 




(3) Criterion layer C judgement matrix 
 
➢ Cost C1 judgement matrix: 
 
Table 6.7  







































1.8917 2.2708 0.4133 1.0000 0.2505 
λmax = 4.1425  CI = 0.0475  RI = 0.89  CR = 0.0534 
 
CR of this judgement matrix is 0.0534, which means the judgment matrix passes 
the consistency test. 
 
➢ Monthly Container Throughput C2 judgement matrix: 
 
Table 6.8  











































1.7319 1.6278 0.3692 1.0000 0.2304 
λmax = 4.1475  CI = 0.0492  RI = 0.89  CR = 0.0552 
 
CR of this judgement matrix is 0.0552, which means the judgment matrix passes 
the consistency test. 
 
➢ Quick Response Capability of Production Scheduling System C3 judgement 
matrix: 
 
Table 6.9  














































2.0125 2.2111 0.3780 1.0000 0.2516 
λmax = 4.2641 CI = 0.0880  RI = 0.89  CR = 0.0989 
 
CR of this judgement matrix is 0.0989, which means the judgment matrix passes 
the consistency test. 
 
➢ Container Port Operation Efficiency C4 judgement matrix: 
 
Table 6.10 











































3.0625 3.8958 3.2436 1.0000 0.5130 
λmax = 4.1904  CI = 0.0635  RI = 0.89  CR = 0.0713 
 
CR of this judgement matrix is 0.0713, which means the judgment matrix passes 
the consistency test. 
 
➢ Effectiveness of Routine Epidemic Control C5 judgement matrix: 
 
Table 6.11 












































3.0694 0.9167 0.3000 1.0000 0.2059 
λmax = 4.1284  CI = 0.0428  RI = 0.89  CR = 0.0481 
 
CR of this judgement matrix is 0.0481, which means the judgment matrix passes 
the consistency test. 
 















































2.9792 1.0208 0.2913 1.0000 0.2117 
λmax = 4.1648  CI = 0.0549  RI = 0.89  CR = 0.0617 
 
CR of this judgement matrix is 0.0617, which means the judgment matrix passes 
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the consistency test. 
 
➢ Customer Satisfaction C7 judgement matrix: 
 
Table 6.13 








































3.3333 1.2569 0.3200 1.0000 0.2296 
λmax = 4.1369  CI = 0.0456  RI = 0.89  CR = 0.0513 
 
CR of this judgement matrix is 0.0513, which means the judgment matrix passes 
the consistency test. 
 

















































3.6250 1.6389 0.2769 1.0000 0.2385 
λmax = 4.2345  CI = 0.0782  RI = 0.89  CR = 0.0878 
 
CR of this judgement matrix is 0.0878, which means the judgment matrix passes 
the consistency test. 
 
➢ Average Delay Time of Ships at Port C9 judgement matrix: 
 
Table 6.15 
Average delay time of ships at port C9 judgment matrix 
Average Delay 
Time of Ships 








































3.2986 3.0556 0.7579 1.0000 0.3482 
λmax = 4.2433  CI = 0.0811  RI = 0.89  CR = 0.0911 
 
CR of this judgement matrix is 0.0911, which means the judgment matrix passes 
the consistency test. 
 
➢ Employee Care under Epidemic Situation C10 judgement matrix: 
 
Table 6.16 












































3.3194 3.0139 1.0141 1.0000 0.3962 
λmax = 4.2034  CI = 0.0678  RI = 0.89  CR = 0.0762 
 
CR of this judgement matrix is 0.0762, which means the judgment matrix passes 
the consistency test. 
 
➢ Corporate Social Responsibility C11 judgement matrix: 
 
Table 6.17 












































4.3333 3.9583 0.6667 1.0000 0.3599 
λmax = 4.2218  CI = 0.0739  RI = 0.89  CR = 0.0831 
 
CR of this judgement matrix is 0.0831, which means the judgment matrix passes 
the consistency test. 
 
5.4 Result display 
 
According to the above judgment matrix results, the combination hierarchy 
ranking is carried out, and the results are shown in Table 7.  
 
Table 7 
















0.0694 0.2345 0.1640 0.3966 0.1355 

















- 0.2498 - - - 0.0586 6% 
Effectiveness 
of Routine 





















- - - 0.2786 - 0.1105 11% 
Average 
Delay Time 
of Ships at 
Port C9 










- - - - 0.2595 0.0352 4% 
 
As can be seen from Table 7, average delay time of ships at port and quick 
response capability of production scheduling system are the most important 
factors affecting the selection of epidemic response measures for the container 
ports, ranking first and second with high weights. Then, according to the total 
weight, the sequence of the rest of indexes from high to low are effectiveness of 
routine epidemic control, service level of container port under epidemic situation, 
employee care under epidemic situation, container port operation efficiency, cost, 
customer satisfaction, response capability of regional major epidemic situations, 





Total weight ranking of feasible response measures to the epidemic 
Alternatives Wi 
Strengthening the Construction of 
Collection and Distribution Network D3 
0.4050 
Information Construction of Container 
Port D4 
0.2971 
Emergency Material Storage D2 0.2055 




According to the calculation results, strengthening the construction of collection 
and distribution network has the highest total weight which is 0.4050, followed 
by information construction of container port with a total weight of 0.2971, the 
total weight of emergency material storage is 0.2055, and epidemic prevention 










Based on the current situation of the epidemic, this paper summarized the 
research directions and trends of researchers and scholars at home and abroad, 
and introduced the relevant concepts and theoretical basis of resilience. Based on 
all of these theories, the epidemic response measures of container ports are 
studied. Then, the analytic hierarchy process is used to construct judgment 
matrixes based on the data from the expert questionnaire, and the relevant 
indicators affecting the selection of epidemic response measures of container 
ports and the different response measures under each indicator are ranked in a 
single hierarchical order. Combined with the weight of each indicator and the 
weight of each response measure, the combination hierarchy ranking is 
conducted, which helps select the measures that container ports most need to pay 
attention to and increase investment under the current situation. Through 
research, the following conclusions are come to: 
 
(1) The response measures taken by the container ports under the current 
epidemic situation should mainly focus on the quality of service provided by 
the container ports and the efficiency of container ports, especially the 
reduction of average delay time of ships at port and quick response capability 
of production scheduling system.  
 
(2) The weight of each index in the selection of response measures of container 
ports is obtained through the analytic hierarchy model, and the optional 
response measures are ranked by combining the weight of indicators and the 
total weight of response measures. Results show that strengthening the 
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construction of collection and distribution network and information 
construction of container are the two response measures which are most 
appropriate for the current container port. Obviously, these two measures 
help improve the service quality and efficiency of container ports. Epidemic 
prevention and protection work is not the most critical one under the current 
situation although it is still very important mainly because of the gradual 
spread of vaccines and standardization and normalization of epidemic 
prevention and control at container ports. 
 
(3) According to the above results, the future plan of container port for major 
epidemic is proposed: 
 
Firstly, since the importance of container port automation and 
informatization in this epidemic situation is extremely prominent, which not 
only reduces the dependence on people and improves efficiency, but also 
reduces the risk of human transmission in major epidemics, the construction 
of automated terminals, port e-commerce construction, security management 
information construction, remote office management mode, etc. should be 
further developed. 5G Internet of Things, Blockchain, Big Data and other 
latest information technology should be made full use of to improve the level 
of port enterprise information automation, and constantly optimize the port 
loading and unloading process, and gradually transform into the high-tech 
new port. 
 
What is more, establish a coordinated transport guarantee mechanism for 
container ports, shipping, railways and highways in the context of major 
public health emergencies. Once a public health emergency occurs, the 
linkage mechanism can be activated quickly and ensure the safety of 
container ports, personnel, vehicles, railways, highways and waterways. In 
the early stage of the epidemic, a safe, efficient, convenient and unimpeded 
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"green channel" for the transport of emergency supplies can be created. In 
the late stage of the epidemic, port congestion can be effectively alleviated, 
and service quality and efficiency can be improved. 
 
Besides, training and rehearsal are essential. In order to improve the capacity 
building of emergency decision-making and response, training at different 
levels, ranges and functions should be carried out regularly or irregularly. In 
response to emergencies such as staff resistance to work caused by the 
epidemic, the staff stability maintenance training plan should be formulated. 
Carefully evaluate the impact of emergencies on port operation, make a good 
shift plan for employees, and reasonably and timely adjust the division of 
work. 
 
6.2 Research deficiency and prospect 
 
The analytic hierarchy model is adopted in this dissertation, the number of 
scoring experts is limited, and the influence of human subjective factors on the 
results is inevitable, so there are certain limitations. In addition, all the experts 
are Chinese nationality. Since there is a certain gap between the current situation 
of container ports in China and that of the international ones, the data obtained 
will also be biased to some extent. Besides, due to the novelty of the research 
content and the lack of in-depth research in some fields, although the author tries 
the best to ensure the objectivity and rationality of the scoring data, it is 
inevitable that there would be some errors. 
 
In the future study, the consideration on the selection of scoring experts is 
hopeful to be more comprehensive. And a better, clearer and more targeted index 
system which influences the classified response measures of container ports to 
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Appendix 1 – Details of experts 
 
 
No. Company Department Years of working 
1 Xiamen Ocean Gate Container 
Terminal Co., Ltd. 
Production 
department 
11 – 20 years 
2 Xiamen Ocean Gate Container 




3 Xiamen Ocean Gate Container 
Terminal Co., Ltd. 
Operation 
department 
11 – 20 years 
4 Xiamen Ocean Gate Container 
Terminal Co., Ltd. 
Operation 
department 
11 – 20 years 
5 Xiamen Ocean Gate Container 
Terminal Co., Ltd. 
Operation 
department 
11 – 20 years 
6 Zhanjiang Port (Group) Co. 
Ltd 
Sales department 7 years 
7 Zhanjiang Port (Group) Co. 
Ltd 
Sales department 11 – 20 years 




More than 31 
years 









21 – 30 years 




11 – 20 years 



















Thank you very much for taking time out of your busy schedule to complete this 
questionnaire. I am a student from World Maritime University, and I am currently 
researching on the response measures of container ports under global pandemic. 
 
This questionnaire is to evaluate the factors that affect the selection of epidemic 
response measures of container port enterprises. All the information and survey contents 




The purpose of this questionnaire is to investigate the experts' judgment on the 
importance of influencing factors at various levels, compare each two factors in the 
same level, and give scores according to the importance. This survey divides the scores 
into nine different grades. The scoring standards and the meanings of each score are 
shown in the table below. If the factor on the left is extremely important than the factor 
on the right, please score 9 on the left; very strongly important, score 7 on the left, and 
so on. On the contrary, if the factor on the right is extremely important than he factor on 
the left, t please score 9 on the right; very strongly important, score 7 on the right, and 
so on. If the factor on the left is considered to be as important as the factor on the right, 
the score is 1. 
 
Scale Degree of preference Explanation 
1 Equally important 
Two activities contribute equally to the 
objectives 
3 
One is less important 
than another  
Experience and judgement slightly to 




5 Strongly important 
Experience and judgement strongly to 
essentially favour one activity over 
another 
7 Very Strongly important 
An activity is strongly favoured over 
another and its dominance is showed in 
practice 
9 Extremely important 
The evidence of favouring one activity 
over another is of the highest degree 
possible of an affirmation 
2,4,6 and 8 Intermediate values 
Used to represent compromises between 
the references in weight 1, 3, 5, 7 and 9 
 
A. The indicators of this layer include Economic Benefit B1, Efficiency B2, 
Safety of Epidemic Prevention B3, Service B4, Sustainable Development B5. 
Please compare the importance of the influencing factors and give a score. 
 
 Importance comparison  
B1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B2 
B1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B3 
B1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B4 
B1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B5 
B2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B3 
B2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B4 
B2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B5 
B3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B4 
B3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B5 
B4 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 B5 
 
B．In the indicators of this layer, Economic Benefit B1 includes sub criteria Cost 
C1 and Monthly Container Throughput C2; Efficiency B2 includes sub criteria 
Quick Response Capability of Production Scheduling System C3 and the 
Container Port Operation Efficiency C4; Safety of Epidemic Prevention B3 
includes Effectiveness of Routine Epidemic Control C5 and the Response 
Capability of Regional Major Epidemic Situations C6; Service B4 includes 
sub-criteria Customer Satisfaction C7, Service Level of Container Port under 
Epidemic Situation C8 and Average Delay Time of Ships at Port C9; Sustainable 
Development B5 includes sub-criteria C10 for Employee Care under Epidemic 




a. Comparison of the importance of factors affecting Economic Benefit B1 
 
 Importance comparison  
C1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C2 
 
b. Comparison of the importance of factors affecting Economic Efficiency B2 
 
 Importance comparison  
C3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C4 
 
c. Comparison of the importance of factors affecting Safety of Epidemic 
Prevention B3 
 
 Importance comparison  
C5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C6 
 
d. Comparison of the importance of factors affecting Service B4 
 
 Importance comparison  
C7 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C8 
C7 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C9 
C8 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C9 
 
e. Comparison of the importance of factors affecting Sustainable Development 
B5 
 
 Importance comparison  
C10 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 C11 
 
 
C. This layer includes different alternatives: Epidemic Prevention and Protection 
Work D1, Emergency Material Storage D2, Strengthening the Construction of 
Collection and Distribution Network D3, and Information Construction of 
Container Port D4. Please compare. 
 
a. Please score the impact of these four epidemic prevention response measures 
on input cost. This index is negatively correlated, that is, the lower the input 
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cost is, the higher the importance of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
b. Please score the impact of these four epidemic prevention response measures 
on the monthly container throughput. This index is positively correlated, that 
is, the higher the monthly container throughput is, the higher the importance 
of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
c. Please score the impact of these four epidemic prevention response measures 
on the response capacity of the production scheduling system. This index is 
positively correlated, that is, the faster the response capacity is, the higher the 
importance of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
d. Please score the impact of these four epidemic prevention response measures 
on port operation efficiency. This index is positively correlated, that is, the 
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higher the port operation efficiency, the higher the importance of this 
measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
e. Please score the impact of these four epidemic prevention response measures 
on daily epidemic prevention and control. The index is positively correlated, 
that is, the more effective the daily epidemic prevention and control is, the 
higher the importance of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
f. Please score the impact of these four epidemic prevention response measures 
on the regional response ability to deal with major outbreaks. This index is 
positively correlated, that is, the stronger the response ability is, the higher 
the importance of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
g. Please score the impact of these four epidemic prevention response measures 
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on customer satisfaction. This index is positively correlated, that is, the 
higher the customer satisfaction is, the higher the importance of this measure 
is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
h. Please score the impact of these four epidemic prevention response measures 
on the service level of the container port. This index is positively correlated, 
that is, the higher the service level is, the higher the importance of this 
measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
i. Please score the impact of these four epidemic prevention response measures 
on average delay time of ships at port. This index is negatively correlated, 
that is, the lower the average delay time is, the higher the importance of this 
measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 




j. Please score the impact of these four epidemic prevention response measures 
on employee care. The index is positive correlation, that is, the higher the 
level of employee care is, the higher the importance of this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
k. Please score the impact of these four epidemic prevention response measures 
on corporate social responsibility. This index is positively correlated, that is, 
the higher the corporate social responsibility is, the higher the importance of 
this measure is. 
 
 Importance comparison  
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D2 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D3 
D2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
D3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 D4 
 
 
This questionnaire is over. Thank you for your cooperation! 
 
 
 
 
 
 
 
